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REGIONAL AIR QUALITY IN THE FOUR CORNERS STUDY REGION:
FODELING APPROACH

David Noohumson

Environasntal Assesssent Oroup, Los Alamos National laboratory

LOS Alamos,

l. INTRODUCTION

The pode}ing methodology used in the
regional air quality analysie for tbe Four Cor-
ners Study Region and somt saBple results are
discusseda in this paper. The boundaries of the
study region are shown in Figure 1. The Four
Cormers 3tudy wea one of five regiocnal studies
conducted for the National Commission on Air
Quality. A mure detailed discussion of the
regional air quality analysis is prisented elae-
where (Nocrumson, 198l1). A description of the
alternative soenarios and regulatory policies
that vere evaluated is presented in a report by
Roach et al. (1981).

Figurse 1. The Four Comers Study Region

A two-dimensional Bulerian air pol.
lutant trensport model was used to estimate the
concentration and deposition of asulfur dioxice
(807), particulste osulfates 30;), end pri-
mary fine particulates (FPMH) on an annual aver-
age basis. The model acoounts for the asteo-
ephrric processes of adveotive trensport,
transforesation, daispersion and wet and dry
deposition. The outputs [ros Lhis podel were
also uesed as 4nputs to regional atmcapherio
vieibility end wass budget oslouvistions, Tne
concentrations and depoaitions were edtimated
for 1° by 1° grid ocel.s that extend verti-
oally 10 the top of the aining layer snd that
cover the Four Cormers 3States (Figure 2). [Mme

New Mexico B7545

study region esissions werew gpportioned to the
grid arrey eslements according to ezission spurce
locatio::. One pa)or advantage of the transportl
®odel employed is that §ts solutiobp involvep the
oaloulation of trenafer coefficients which re-
late air pollution emissions directly to aabient
conceatrations and dry and wet deposition,

A simplified version of the model was
shown Lo give eitimates of ambient aulfate oon-
centrations whioh compared well with observa-
tions (Nochumson, 1¢73). When the model was
veed with methods for octlculatiog the contribu-
tion of 30y to regional atwospheric visibil-
ity reduction (Nochumson, 1981), the mooel's
estimates were consistent with vstisates (oo
historical prelationships bpetwsen sulfur oxiae
epicasions and regional visibility reported by
Marians and Trijonis (1979).

2. METHODOLOGY

Tne moGe. is deriveo fros mads bai-
ance equations for primary and seconaary pollu-
Lants for a system of 0elis {n a two-cimensionai
array (Noohuason, 1978). The secondary pollu-
tant is forseo through the cheaical conversion
01 the prisary pollutant. The moce)l is analo-
guud Lo & two-dimensional eastuarine water qual-
ity model (Thomann, 1972). The moGel acoounts
for the following stmaspheric processes.

. e transformation of Lhe primary to the
secondary pollutant.

. T™he wet and dry deposition of the primary
and specondary pollutants.

. The sdvective traniport betwren cells.

. veritioal pixing up to the top of the mix-
ing layer.

The model 1o soived for the sleady-
state oase. The model oan be used to make long
term aversge (weeks to years) concentration ane
deposition estimates. The following assusptions
wers made.

. There s nO interchange at the .0p «f tne
sixing layer.

. There s compiete mixing within the oune-
aries of eaoch cel..

. Horizontal dispersion i uhimportant
relative to aaveotion.

. The transformation and/or removal terms of
Lhe paes balance equations are firat orasr

in primary and/or sroondary poliutant
concentrations.



Figure 2. Douncaries for the regional air
Quality sodeling.

. The wet removal terms of the 348 bale
Bhoe equations are first order 4in the
rete of precipitation.

Tne 4input and output variables and
the parameters of the model are presented in
Table 1.

2. Model Fqustions

The mode) 18 derived frog the followe
ing sass balance equations for the primary and
the seoondary pollutants.

Mass Balance Equation for the Primary
Pollutant:
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TABLE 1

INPUT=OUTPUT VARIABLES AND MOUEL PARAMETERS

input Variables*
°* Primary and secondary pollutant ewnission
rates

* Mixzing layer height

* Two-aimensional air flow within the
mixing layer (frequenny of direction and
speed normal to the grid cell fares)

. Precipitation

. Cell dimensions

Quiput Varjables®:©

. Concentration
. Depusition

Parsoeters?:©

* Conversion rate for the primar pollutant
* Dry deposition veloocities®
* Wet deposition rate conatants®

by grid gell and averaging period,

UThey are lumpec parameters rapresenting avers
ages valugs over jJpaQg (grid eell) sno lame
(averaging time).

SFor prizary anc seconaary pollutants

Uss  ® wyqlugy (11}
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For all cella within the gric array, Eqs. (1)
and (2) under the assumption of steady-state



comprise a aystem of linear esquations that asn
be expressed as the following matrix equationr
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The elements of the matrin inverse of
A} represent trensfer ocosfficients between
primary emissions, [)4, or doundery eleaents,
b4, &nd primary -~onoeatretior), u3q. THe
oiounu of the matrix inveraa of Ay represent
transfer coefficients De.ween P iBATY 20N eNtrae
tions, 0)4, »secondary factoi'ized esisaiovs,
03 s OPF hatoriud boundary elements, !u.
-nﬁ secondary conoentrations, 03¢, The Lrand-
for coefficients need to be nloufuua only onde
for & g.ven time period ang set Of »0del pere-
neters and oan dbe uased repeatedly for Lho analy-
sin of altermative acenario policies with
different sm'asion gource oconfiguratlons. FPM
oan de modeled by employing Eq. (20) and setting
.‘ a °a

2.2 Model paransters ang Metasorologiral
Yarjables
The podel parameters for SO>, S0,, and
FPM used in the study and presentad in Tadbles 2

and 3 are typical of values found in the air
pollution literature (Nochumson, 1678). A
relatively lowv trausfornation rate of 0.%% per
hour was uaed to reprusent the trensformation
of S0 %o SOy in the relatively oclean non.
reactive aovtnuestern atmospnere. Tne wet
6epositiod rete paranetar wvas based on long-tera
average sulfur oxius ocncentration anc wet
deposition peasuresents in the northeastern US
(Nochumson, 1978). Tne precipitation rates were
based on catd reported by the National weather
Service (.967-1471)s The mixing heignht was
based on data reported by hnlzworth (1972). Tne
two-aimensional wind fielc was bdaeed on uppar
850 mbd wina data prepared by Crutcher (1961).

TABLE 2

SPECIES-INDEPENDENT MODEL PARAMETEKS

Jarasetar Value bnits
e 0.9 -
6 1-5 -
TAMLE 3

SPECIES-DEPENDENT MODEL PAMVETERS

Yalve Prisery
Sulfur Rrliiste e
anasier Drsiselavey __Vaite
un 1ased —— — el
v . .00 0.002 e
- Len ! awet? e eluegn
3. RESULTS

Soae sanple results [rom the pegicnal
alr Quality analysis ocoapleted for tre Pour
Corners Study are presented ih this pection. A
Jore detailed disousaion ¢f the results is pree
sented elswvhers (Noohusson, 1981). Ilsapletns
of annual avirage snifate goncentrations calcoue
lated for the 1980 baseline year froa the jule
fur oxide emisaion sources located witnin the
study region sre shown in Pigure 3. Jeconaary
pollutarts forme0 by the ohemical conversion of
prisary pollutants suah as 80,, wnich 3o
forwed by the atmoapherio oxidation of 80,,
have much sore gredual spatial gracients fn
eonoentration than prisary poilutants. Secone
dary pollutants forwed by ohemisal conversien
or oondsnsa® .r of gases puoh as 30, Are j.ne
particulate matter 010 are found primarily in
the ascusulation pode sise rangs, 0.u=2 uB in
diapeter. pearticules in this pine pange have a
high reaidence time §in the atamcsphrere because
they are slov to be removed by dry deposition



processes. They are believed to be slow in
besing trensported by Brouwnian diffusion ascross
the laminar boundsry layer at the earth's sur-
face. PFor this reason, they oan be transported
over long distances (hundreds to thousands of
kilometere) before being acmpletely removed from
the atmoaphere.

=

—N

A o . 'Y b Y A, It i

figure 3. Particulate gsulfate concentrations
isopletns for the 1980 baseline year under our-
rent regulations (ug/m3).

The fate of 307, 80y, end FPMH was exam-
ined through regional budget caloulations based
on the results from the regional air quality
sodeling. We estimated the amounts of 380,
30,, and FPHM emitted 4in the atudy region,
geposited by dry and wet removal processes, and
sdveoted out of s aontrol volume over the Four
Cornera 3tates (see Table ). Tnhe oontrol vole
ume extends to the top of the mixing layer and
ite perimster ip shown in Fig. 2. The hudgets
wire eatipated for the 1980 bsseline year end
for three soenarice-years, the mid-scenario 4o
1987 and 1998 and the hi h saenario in 1998.
Approximately equal amounts of the 304 and
FPM ware eatimated to be removed from the ateos-
phere by dry deposition proCeda¢s, removed Dby
wet deposition proocesses, Or ware advected out
of the Four Corners States. It was assumed that
29 on a molar basias of the 30, esipaions were
in the forw of primary 80,. Of the B80a.
emittcd in the study region, @ little over 603
was estimated to be removed dy dry deposition
processss, nearly 15% resoved by precipitation
scavenging, nenrly 103 adveoted out of the Four
Corners States, and nearly 153 transforwed to
80y, 803 48 a reactive gas, whinh 4s
believed to be more effectively removed froa
the atsosphere by dry deposition prooesses than
Aare fine particulates aueh as B30, and FPM.
The regional budget 3 entimates in Table &
varied little by soenario year.

&, S RY

A two-dimensional Eulerian air poliu.
tant Lranaport model was uaed in ah air qQuality
study oi the Four Cormers region conduotes for
the MNational Commisajon on Alr Quality. The
regional modeling sethodology and some saBple
results from the regional air quality analyais

are presented in this paper. One pajor advant-
age of the regional transport model that was
employed is that its solution involves the cal-
culation of transfer aoefficierts that relate
emissions to ambient concentrations andc deposie
tion and which can be used repeatedly to evalu-
ate alternative scenarios and regulstory polic-
ies Jhioch represent different emission source
oonfigurations. Tne pregional transport wmodel
was used in the calculation of the concentration
and depoaitica of 30,, 30, and FPM and
these estimmtes were used as inputs to regional
atoospheric visibility and mass budget calcula-
tions. Previous studies have shown tha® the
methods used in the regional air guality snaly-
8l give good sgreement when comparing observed
and estimated values (Nochumsen 1978, Nuchuzaon
et al. 1979, Noahumsoo 1981).

5. SYMBOLS
;“ u the episaion =ate for species k in cell 4,

°H « the conocentration of s%ecles ik in cell ¢,
2 the concentration of species k at the

e
kiJ interface between cells 4 and j§.

Sps t the concentration of species k at the
boundary of cell g4, It {» rerc for in-
terior oells.

a & welghting factor that relates Lhe
conceantrutions 4in two gdjacent gells to
the conoentrations &t the cell face when
adveotive flow 49 from oell 4 to oell j.

[$%]

°kb1 = analogoud to Ok but it applies
when a ocell is al the bouncary of the
ayates of grid oells.

l.!1 s the volusetrio air flov rate froms cell 4
J to ocell ).

UM s ihe volumetrio air flov rate across the
boundary of cell) 4. It is rere for
interior ocells.

" s the length ol the cell faue detween gells

137 { ene 3.
s the depth of the m.xing layer.

u“ a the length of the cell face between the
boundary and oell {i.
u“ v the aversge vind apeed through the

#ixing depth when the direction of the
wvind conponent perpendiculsr to the ocell
face 1¢ froa 09ll/1 to oell .

Upy ° the aversge wind speed through the
sixing depth when the direation of the
ooaponent perpendiovlar to the cell Tace
19 fros the boundary to cell &, It i
gero for interior oelle.

A s the ground area of oell §.

N\ s the volumse of aell i.

tu s the firet order trensformition rate
parameter for oell o,

re ® the firet order reaoval rate paremeter
for species k in cell §.

aui " the dry deposition velocity for species
kK in cell &.



TABLE &

REGIONAL BUDGETS FOR SULFUR OXIDES AND PRIMARY FINE PARTICULATES

Scenario Year

1980 1587 1998 1995
.. —Dapglive Mi¢ _Hid Mgy
Speoies process £/ ] g/8 3 g/® ] /8 |
Primary Fine Emission 363 100.0 650 100.0 922 100.0 1 376 100.0
Particulates Deposition
Dry 118 2.4 198 30.5 a7 29.8 394 28.7
Wet 137 n.7 232 35.7 322 35.0 462 33.6
Adveotive
Transpo.t 109 34.) 220 33.8 324 35.2 519 37.7
Sulfue Emission 1 8687 98.0 2 55% 98.0 3 415 98.0 4173 98.0
Dioxide® Depoaition
Dry 1 206 63.3 1 630 62.5 2166 62.1 2 649 62.2
Wet an 4.2 n 4.2 496 1.2 608 14.3
Advective -
Transport 151 79 234 9.0 315 9.0 802 9.4
Partioulate Emission 38 2.0 52 2.0 70 2.0 8 2.0
Sulfatet Deposition
Dry 83 8,3 110 4.2 145 k.2 173 k)
Wet 96 8.1 129 8.0 i 4.9 204 4.8
Adveotive
Tranaport 1) 5.1 134 5.1 193 s.6 222 5.2
Apxpressed es g/8 Of sulfur.
k““- the first order wet deposition rate Teahnology Service (orporation, US gnviron-
parameter of species k in cell 4. mental Protection Agenoy repart [EPA=KS0Q/
Py« the precipitation rete in cell 4. 3-79-009! '
° s the ratic of the moleocular weight of the Nochumsonh, D. H., 19781 Mdodels For ghe Long
segondary pellutant, My, to the mole- f
cular weight of the prizary pollutsnt, ' M.D. dissertation, Harvard

M.
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